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thermoelectric pyrheliographs manufactured by Jules 
Richard in Paris. 

The new Richard recording galvanometers (millivolt- 
meters) are, however, specially adapted for solarigraphs. 
By using coils with low resistance, approximately the 
same as that of the solsrimetric piles, a marked increase 
in deflections was obtained. The sensitivity of the solari- 
graph is sufficient to get a deflection even with clvudy 
weather; characteristic variations are obtained on the 
diagrams, provided the thickness and transparency of 
the cloud changes. 

In Figure 5 is shown a solarigraph record obtained on 
October 4, 1926, a t  the Solar Radiation Observatory of 
the U. S. Weather Bureau, American University, District 
of Columbia, where, through the courtesy of Professor 
Marvin, our solarigraph was calibrated. I ani parti- 
cularly indebted to Dr. H. H. Kimhall, in charge of the 

Solar Obsermtory, and to his assistant, hlr. Irving F. 
Hand, for their kind help and very valuable suggestions 
during my stay at the observatory. 

The record of October 4, 1926 (fig. 5); was obtained 
during a mostly clear day, although some clouds (visible 
between I2 :30 and 1 :30 p. m.) causedcertainirregularities 
in the curve. Such ti soltwigrain can he used for cal- 
culations, for instttnce, by planimetric methods, of the 
daily sums of solar rind sky radiation on it horizontal 
surfave. 

Both direct-reading and recording solarinieters are 
made with two or more ranges, which permit the obtain- 
iiig o f  greater defiections during cloucly or winter days 
with low sun. A very useful and iniportant feature of 
the solttrimeter is that it is able to  give interesting 
I ccurds even on c.loudy clays, whca the nortnill pyrhelio- 
meter gives no indic~ntion s t  all. 

NOTES, ABSTRACTS, AND REVIEWS 

W l L L l S  ISLAND METEOROLOGICAL S T A T I O N  

A ineteorogical station on an island so small and low 
and far to windward of large land masses that its climate 
is alniost as purely niarine as if the islnncl were n ship is 
Willis Island in the south Pacific east of Australia. 
Willis Island lies 250 rides east, of the north Queensland 
coast, approximately in latitude IG0 S., longitude 15O W. 
Above ordinary seas i t  is less than 501) yards long and 
about 200 yards wide, and its summit is just under 30 
feet above low water. Acrose i t  blows the southeast 
trade a t  a velocity that rarely is less than 5 111. p. h., and 
frequently is over 20 m. p. h. for long periods. 

It is some six years since the Commonwealth Bureau 
of Meteorology established a station on the island. 
This was done largely to keep an eye on tropical cyclones 
approaching the coast of Australia. In  addition to the 
usual suriace Observations, a series of pilot-balloon 
observations has made possible a preliminary analysis 
of free-air conditions in this trade-wind region. The 
following excerpts are adapted from a paper dealing 
with the seasons 1922-23 and 1923-24, by Dr. E. Iiid- 
son, entitled: " Observci tions from the Willis Island 
Meteorological Station," in volunie 17 of the Report of 
the Australasian Association for the Advancement of 
Science, 1924 (the Government Printer, Adelaide, 1926). 

To most people it is the winds of \\-illis Islaiid tha t  will be of 
greatest interest. Except for shurt I jreah~ in the V J  clone bensoii, 
due either to  passing cyclones or to  the advent of the iiurthwest 
monsooii, the  southeast trade blows almost continuously, tlie 
mean direction being fruin southeast 1)) east. In the sir; nionths 
November to  April about 70 per cent of the wiiid> are fruni I)?- 
tween south and east, and in the \\ inter ninnrhh I~etneeii b0 niid 
90 per cent. As far as the results go, they indicate tha t  the n ind 
velocity is grestest in the inuiiths nhen the pressiire is rising, n i th  
a inaiimum iu -41~ri1, and least w-lien the pressure 13 falliiig. The 
diurnal variation of the wind is especiallj interesting, siiice it 
csii not be affected t o  an) large extent b\ the  land. * * * 
There is B maximum frequency of ea5terly \\iilitls in tlie hour.: ju \ t  
beforc siinrise. This is followed 1)) a niaxiiiiuiii fur the (last- 
southda5terlies in the three hours preceding noon. Thereafter 
the southerly component becomes more prominent, and south- 
easterly t o  southerly niiids ha\ e their maximrim freqiienrJ tliir- 
ing the 16 hours t o  IS hours period. In the  northne5terly cliiadrant 
the winds tend t o  become inure northerly in the  furenoon hours 
and niure westerly in the afternoon. * * * 

The loitest velocity is recorded in the early afternoon, a t  about 
14 hours or 15 hours. After sunset there is a fairl? rapid increaze 
to  a maximum at about 22 hours to  23 hoiirs. 

The diurnal variation seems t o  conaist chiefl) , therefore, iri 
the production of an easterly component in the niurning and a 
westerly in the afternoon. The niean velocity is 1.5.7 inilea per 
hour (7.1 meters per second). * * * 

Pilot l l i b l l i w i i  :twenbs were niade c)nce dsily duriiig the seasons 
1922-3 nncl 192:<-24. .inlong t.he first. ~ ~ , i n t s  iicitetl with regard 
h J  the asceiit,s are the sinal1 chanpe i i i  directiou with height, and 
t!ie low height. nt which n mnrinitnii veluc-it.y is rrached. * * * 
It, nirist. I)o rrliieiiilx,red t.hnt for the upper Ievels i-es;ults are avail- 
:il~le fIJr c.lcnr (-lays aiid dn>-s of light \\ iiid only, mid consequently 
they may not, relireseiit i i itbnii  coildit.ioiia. I t  is tiiilikely, however, 
t!iat the inipressions t,hry give are vcr>- inisleac!ing. dhove 1 
k i n .  t.lie tlirectioii grndtiully Iwctmies more vsi.ialJle, soirt,herlies 
i i i i d  westdivs  being iiil.,re frcc1rieiit~. Alx)ve 4 k m .  it. would seein 
t,lrat. suiithwstcriies p r e v d ,  \vliile at still higher le\ els it is most 
I>t-~Jliatlle tli:tt north\ve~t.erlies nre the inost frequent. .it, the high 
levcls Lviiids f:lJlil t.he iiortlic t-rly qiindraiit are t,he least frc- 
f Illent. 

The tviritls ( l o  iiot in  every cnsc veer i n  thc lower levels frc:iii t,he 
surface tlircctioii. In f:ict,, t.hc ratio of the iiriml,er that. hack t,o 
tliz niiniher t h t  veer I ) c . t ~ \ v c ~ i i  50 111. s n r l  450 111. is 1 to  1.5;. This 
rat,io was nl,t,nined iii hot.li sc:is:im3 n i i r l  is the R B ~ C  for n.inds of 
all types. The reason for this cwnt.a.ncy i n  not clear. The 
il(irt.hwcst,erly witids veer t,o :I greater extent. than the south- 
cxsterly. 

Such cvideiice as t.liere is tencls t,o iu\v t.hat. in general the 
velocities bcgin to f:ill off before 1 h i .  reached and cont,inrie to  
rlu so over the range ccvererl b y  t,he IJallooii ascents. St,rong 
winds art' rare, tlie strmgest giists recorded oil t,he surface being 
d J ( J U t  1s in's ( 4 0  ni. IJ. !I.). \'eloc:ities greater than t,liis were 
otily rarely iiipt t:ith in t,lie first kiloineter shove the surface, 
thoiigh 29 m/s ( 6 5  111. p. 11.) ivas rcached uii oiie occasion. Were 
n cyc lut ie  to nppruach very near t,lie inland t.hese speeds W C J I I ~ ~ ,  
of wurse, I J ~  greatly esceedrd.--B. M. I' .  

T H E  CAUSES OF G L A C i A T l O N S  
5-.C/. 5-3 2 (046') 
In a review of Prof. A .  P. C'olenittn's "Ice Ages: Recent 

and Ancient" (RIxcmillnn, 10%), C'. E. P. Brooks writes 
R S  follows (in Nnturr ,  London, August 21, 1926), touching 
the far-from-solved problem of tlie ctiuscs of glaci t,' a ions: 

* * * These pheiionien:i offer n defiiiitt. meteorological 
1irul)leni, which tlir author CJ:lt clcarl) in wordc. which are 
wurth quuting: 

'' ITiider nornial cvnditiuns tlie TI orld hnh a relatively mild and 
equable cliniate with I I U  permanent ice at loiv levela even in the 
Iiul:tr regiuii-. 

"E'roni time tu time * * * there l iavr been relatively short 
periods of ct~ld ncconipniiied by a great extension of mountain 
glaciers, and sornc.tinie~ alho I J ~  (lie formation of ice sheets at loa 
Icvels. In the most hekere \isitatiu:i of tlie ice qlieets iii\.adeci 
the Tropicz uii thret. or perhaps futir contin 

"Ice ages are, in nioht case'., broken by  rglacial periods of 
niilder climate. Sometiiiies this occurs two or three or more times, 
iiidicsting a coinparatively rapid oscillation from cold to warin and 
\\ ar111 to  cold. 

" .I11 parts of the world liai e their tcnipcrature lonered during 
an icr age, the Tropics as well as thc ten iper~te  and .Irctic zones:" 

The silttior then tr i rnh t o  the coilderatioii of caiises, hut gives 
only a rather inechaiiical discussion of the various theories of cli- 
iiiatic clirtnge which have lieen put  furnard fruni time to time. 
Wegener'h theory of continent a1 tlrif t iz nien t ioiied, but without 
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enthusiasm. Elevation perhaps conies nearest t o  a solution, but 
fails t o  account for world-wide cooling. The conclusion is that  no 
single cause siiffices. ” Some comhination of astronomic, geologic, 
and atmospheric conditionr reenir t o  be necessary t o  produce such 
catastrophic events in the  n orld’b history.” 

The difficulty of the problein is increased by  the apparently 
haphazard n ay in which glaciations hnve developed. Time and 
again the author comments un the  parado\ of field work, especially 
on Permo-Carboiiiferoiis tillites, beneath an almost vertical 51111 
in a teniperature suggestive of an) thing bllt ice. On the other 
hand, SO far as is known at present, the Antsrctic continent ewaped 
glaciation until the  close of tlie hIesozoic, thoiigh of coLir3e the 
great Antarctic ice sheet may hide traces of many older glaciers. 
The northeast of North A:iierica, where the Quaternary ice sheets 
reached lower latitudes than anywhere else, has suffered glaciation 
over and over again. 111 the upper Carboniferoiis this region bore 
glaciers which indeed pale into insigiiificmce beside the contenipo- 
raneous ice sheets of the sout!i, but would be siifficiently reniarltal,le 
in any other period. The snine region \?\as ice-covered in the 
Devonian, the Ordobician, nt the close of tlie Proterozoic. iri tlir 
lower Huronian (a photograph shows the rcmarkable feat (ire of a 
Huronian tillite smoothed ancl striated by a Pleistocene ice sliect), 
and perhaps at t u  o liorizoii\ in the Arcli:rsii-seven or eight 
glaciations in the  same or iieigliburiiig areas. (Jther regions which 
have suffered repeated glarintioii are Alaska, South .ifiica, sild 
southeast Australia, t hoiigli South .lfrica rinq not glaciateil during 
the Pleistocene. 

It almost seeins a\ i f ,  gi\ ~ i i  certaiii c-ciiiclitions, :tiid e4periallj n 
world-wide cooling. glaciers nnd e\ en ice sh rail develop ii i  aiiy 
latitude, biit have a piefeic.iice foi certnii dititlc. Fioiii this 
point of \iew it iiiaj Iw unly aii acciilerit t tlic t n o  great ice 
sheets of the  prchent day ocL*iir in high latitiideq. Their forniatiuii 
is not entirely a matter of ttniperatiire, since we are faced I,! the  
idea that  cluring most of geological time the polar regiunb u ere 
free of land ice even while loner latitude\ were lieiiig glsciatecl. 
Apart from pole n.nncieriiig, the unly theury \\ Iiich throw h any  light 
on this anoninly is Pawliii:ger’s, not mentioned by C‘oleninn, t lint 
glaciation depends on the iclation betKeeir the zone of iiinsinirini 
snowfall and tlie sno\v line. I t  may he piofitable t o  t ry  t o  e t  tlii5 
theory t o  the facts before I 

As we go froni the lowlar a moiiutai~i range, n e  
find tha t  the siiowfnll iller in level. abobr nliicli 
i t  again decreases; thi.; lei el on t1.e liuniidit~ and 
the temperature during the ncttest wa5on. Qiiite rli>tiiict, 
depending niaiiily on tlie suniiiier teiiiperature, is the h i i o w  h e .  
If the  snow line is above tlie ioiic of ma\imuin snonfall, the 
glaciers will be small; if tlie \nou line is the loner, the glnciers IT ill 
be large, ancl with sufEcient hiiox f;tll may descend to  low level<. 
In  the moist equatorial regioiiz tlie t v  o zones are close tngether, 
and a small depression of the h i i n ~ i  liiie n oiiltl produce 3. con&leral,le 
extenbion of the glaciers. 

It seems prol~alAe tha t  glaciers or ice sheets mu\t alwayb urlga , icctt, 
on high ground, but for a glacier t o  develop iiilo nii ice sheet a large 
area of more or leas level groiind ib require(l a t  a tc.iiiperature low 
enough for the ice t o  spresti out as  n pietlmoiit glacier. 111 liigh 
latitudes this land may IIC lo\!, but iii lo\v latitude:, i t  iiiiist be 
initially at a high level. 01icc tlir ice sliect has reached :I certain 
size, however, it imports it- ou I I  climate, and the iiiitially high 
plateau may be depressed nearly to  bes le\ el i s  itliout n e c e ~ ~ a r i l j  
destroying the ice sheet. One 
of the  iiiust iiaportant is that  a s i i o x r  wilacc reflects iurir-fifth 
of the solar radiation fal!iiig oii it ,  mid aiiotlier i* thst  n Lrge ice 
sheet is natiirallp occupied 1)) ,711 anricyclone nitli oiitwnrdlv 
directed winds. The relatioils hetweeii mow linr :iiicI zoiic of 
niaiiiiium snoniall proh1)1j rlepeiitl oii coiitlitioiis of slurniiiies:, 
and vertical teinperatme grdiei i t  nhicli are due t o  gent rill causes; 
when these are favorn!ile, glncierh n ill forni wliich mal tlr\  elop iiito 
ice sheets in siiits1,le localitieh, determined pa1 tly l iy coufiguratioii. 
which is iiidepcndent of latitude, and partly by location rcslatix e 
t o  storm t r a c k  and oceans. The latter pro\ iso cali 
tion of glaciation in certain luralitieh u liich src  iiot 1 
coldest parts of the globe. During tlie course of mi ic 
suitable location may clinnge, which Iirings 11s lxwk tu  C‘oleninii’~ 
bpeculation t h a t  the Urernlaivl ice sheet may represent the con- 
tinuation of tlie eahtward trend of glaciation in Ai 
commenced later tlian the Anierican ice dieets aiicl 
them. 

The author has done good service by uniting in uiie volu~iic :i h g e  
mass of inaterial which wttz formerly only availalde ii i  scattered 
papers or, in the case uf his own olaervationr, had not previously 
been published. The volume niaiiitains the high stand;trd which 
we espect of tiic publishers; it is lavislilj illustrated 1)y phutographs 
of great interest, and the only error which the reviewer has noticccl 
is the  name “Grygalski” on page 2M-C. E .  P. Brooku. 

There :trr .e\er:tl reawlis for  this. 

T H E  CLIMATE OF NORTH-EAST LAND 

In  a paper in the Geographical Journal for September 
on the weather of North-East Land, Spitsbergen, during 
one month in the sunimer of 1924, h4r. K. S. Sandford 
has collected soine evidence of value in relation to the 
problem of glacial anticyclones. In  this relatively small 
but almost entirely ice-covered area he found no fixed 
anticyclone but a definite tendency toward the establish- 
ment of anticyclonic conditions with radial gravitational 
winds. This intermittent glacial anticyclone is blotted 
out by interference froni outside the area but quickly 
reestablishes itself. \lTinds are markedly outflow-ing and 
lead to an augnieiitation of the bordering ice at  the ex- 
pense of the higher parts of the interior. On the other 
hand, interference from the outside is great and leads to 
melting of ice in the bordering zone and to a less extent 
in the interior. During the mtiintenance of anticyclonic 
conditions there is some indication of a pulsation, from 
calm to blizzard. Mr. Sandford believes that on New 
Friesland, on the mainland of Spitsbergen, there is a simi- 
lar but modified system. Other parts of Spitsbergen 
hnve r zn  insufficient ice covering for its development. 
Up to the present there are no winter observations avail- 
able from North-E& Land.-Repr. -from Nature (Lon- 
dou) ,  Seytcnihcr 6 ,  1.926. 

E X T E N T  OF O R C H A R D  HEATING I N  SOUTHERN 
CALIFORNIA 

The fruit-frost service of the Weather Bureau, in charge 
of Rlr. Floyd D. Young, is compiling data on this subject, 
which when completed will form the first authoritative 
information with regard to it. The work is divided into 
eight districts, for each of w-hich it is hoped to have com- 
plete data before the spring of 1927. In  summarizing the 
work for the Redlands-San Bernardino district, Mr. A. W. 
Cook, of the Weather Bureau, writes as follows (Cali- 
forti in C’itrograph, July, 19%) : 

There are 29,G91 acres of citrus trees in the entire Redlands- 
Yaii Beriiardino fruit-frost district, of which 5,789 acres, or 19.5 per 
cent, are equipped with heaters. The increase in acreage pro- 
tected hince tlie spring of 1025 is 2,977, or 51.4 per cent of the total. 
On tlie basis of f i f ty  9-gallon oil heaters t o  the  acre, 2,483,550 
gallons, or roughly 250 carloads, of oil are required for one filling of 
the  heaters. The Redlands section alone requires about 187 car- 
loads of oil for one filling. 

A ONE-MAN THEODOLITE 
3-s/- . so  & 
The 14ugust, I W j ,  issue of MeteoroZogische Zeitschrift 

contains I I  description, with illustration, of this device, 
which appears to be new in the field of aerology. The 
advantages of n one-iiian instrunient for use on meteoro- 
logical expeditions or other situation where reduction of 
personnel is escential are obvious. 

In  the new instrument the horizontal circle is retained 
in the form hitherto used, but the vertical circle is in e- 
niously incorporated wit,hin the field of vision of the te ? e- 
scope. The operator with his right eye not only follows 
the bnlloon with the aid of the cross hairs, but, aided by 
1,heir lower vertical member as an index, he with the 
same eye reads the vertical angle upon an engraved glass 
circle. Set off at interpupillary distance to the left of 
the riinin eyepiece is the ocular of a microscope through 
which the observer looks, via a prism, upon the scale 
engraved on the horizontal circle. 

Both horizontal and vertical circles are divided into 
whole degrees. Reading to tenths of a degree is accom- 


